Introduction
============

Toxoplasmosis is a systemic infection caused by the protozoan parasite *Toxoplasma gondii* , which is transmitted through the ingestion of contaminated food. Less frequently, toxoplasmosis is acquired by blood transfusion or an organ transplant. Congenital toxoplasmosis, which is caused by vertical transmission from the mother to the fetus, has an estimated prevalence of 20% of infected mothers transmitting the parasite to the fetus. [@JR0604sr-1] It is worth mentioning that this prevalence varies according to the period of pregnancy during which the mother acquired the infection, the geographical location, and if the mother underwent prenatal monitoring. [@JR0604sr-2]

Vertical transmission can be detected early in pregnancy, and must be treated with oral spiramycin to prevent transmission to the fetus through the placenta. But if the infection occurs in the fetus, the treatment must include pyrimethamine, sulfadiazine and folinic acid. [@JR0604sr-3]

The classic symptoms of congenital toxoplasmosis are intracranial calcifications, chorioretinitis and hydrocephalus. The diagnosis of congenital toxoplasmosis is made by serologic testing.

Several studies suggest a correlation between hearing disorders and congenital toxoplasmosis, which would be triggered by the neurological involvement. However, there are no specifications of the type and level of hearing loss, or other possible disorders involved in the auditory processing. [@JR0604sr-4] [@JR0604sr-5]

The articles report congenital toxoplasmosis as being a risk factor for hearing loss, [@JR0604sr-6] [@JR0604sr-7] and they also point out the doubts about the exact explanation of the origin of the hearing loss in congenital toxoplasmosis, [@JR0604sr-8] as well as the uncertainty of the correlation. [@JR0604sr-9] Salviz et al pointed out that the possible pathophysiology of the hearing loss in congenital toxoplasmosis is due the postnatal inflammatory response against the parasites found in the internal auditory canal and in the temporal bone, specifically in the internal auditory canal, the spiral ligament, the stria vascularis, and the saccular macula. [@JR0604sr-10]

Thus, the aim of this study was to analyze the actual data of the literature related to hearing disorders in congenital toxoplasmosis.

Review of the Literature
========================

The literature review was performed on the Lilacs, SciELO, PubMed, and Scopus databases combining the following Health Sciences Descriptors (DeCS, in the Portuguese acronym)/Medical Subject Headings (MeSH): *congenital toxoplasmosis* and *hearing* . The respective terms in Portuguese were also used for the Lilacs and SciELO databases.

The research was performed without time limitation and using the virtual private network (VPN) of one of our universities in order for us to be able to access more articles in their full format. The inclusion criteria were: studies (any type of article, excluding review articles) specifically concerning hearing disorders in congenital toxoplasmosis published in Portuguese, English or Spanish. The authors excluded all articles concerning others aspects of congenital toxoplasmosis, those articles for which the full text was not available, and review articles.

The analysis of the articles was performed in two steps: at first, the articles were selected by their titles and abstracts. When they contemplated the inclusion criteria, they were read in full. The included articles were analyzed for their year of publication, study design, objectives, methods, results and conclusions.

Based on the search strategy, 152 papers were found (3 from Lilacs, 1 from SciELO, 45 from PubMed, and 103 from Scopus); most of them were published on the Scopus and PubMed databases from 1958 to 2015 ( [Fig. 1](#FI0604sr-1){ref-type="fig"} ).
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Eight articles met the inclusion criteria: 3 articles from the US, 3 from Brazil, 1 from Iran, and 1 from Norway. They were published between 1980 and 2015, and their distribution is shown in [Fig. 2](#FI0604sr-2){ref-type="fig"} .

![Distribution of the number of included articles by their year of publication.](10-1055-s-0037-1605377-i0604sr-2){#FI0604sr-2}

As for the design, which relates to the level of evidence, the selected articles were 5 cross-sectional studies (which presented the highest level of evidence among the articles included), 2 cohort studies and 1 case-control study.

The data extracted from each article regarding the year of publication, filiation, study design, casuistry, methods and results are presented in [Table 1](#TB0604sr-1){ref-type="table"} .

###### Data of the included studies regarding author, year of publication, filiation, study design, casuistry, methods and results

  Author, year                           Filiation of main author, country            Study design   Casuistry                                                                                                Methods of performing the hearing evaluation                                                                                                         Results on hearing disorders
  -------------------------------------- -------------------------------------------- -------------- -------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Wilson et al, 1980 [@JR0604sr-11]      Stanford University School of Medicine, US   CSS            24 children (follow-up) with congenital toxoplasmosis                                                    Pure-tone and speech reception threshold audiometry.                                                                                                 The incidence of SNHL ranged from 22 to 30%.
  McGee et al, 1992 [@JR0604sr-14]       University of Chicago, US                    CSS            30 infants within 2 months of birth                                                                      ABR.                                                                                                                                                 A total of 6 (20%) of the 30 infants were diagnosed with mild to moderate conductive hearing loss associated with otitis media. Sensorineural hearing loss was not described.
  McLeod et al, 2006 [@JR0604sr-15]      University of Chicago, US                    CS             131 infants (follow-up) with congenital toxoplasmosis                                                    Not described.                                                                                                                                       None had SNHL.
  Andrade et al, 2008 [@JR0604sr-12]     University of Minas Gerais, Brazil           CSS            30,808 newborns. Among them, 19 newborns diagnosed with congenital toxoplasmosis                         Hearing test battery: behavioral observation audiometry, audiometric, transient and distortion product otoacoustic emission, ABR and tympanometry.   Out of the children with congenital toxoplasmosis, 4 were diagnosed with SNHL and 2 with conductive loss. Considering the SNHL, 2 children had mild, 1 had moderate. and 1 had profound hearing loss. Two properly-treated children persisted with hearing loss.
  Noorbakhsh et al 2008 [@JR0604sr-16]   University of Medical Sciences, Iran         CCS            95 infants with SNHL and 63 healthy infants were compared                                                Audiologic screening with ABR, EOAE, and PTA                                                                                                         Antibodies were found in 12% SNHL children (children aged 3--5 years old) and in 21.2% (children younger than 1-year-old), whereas in healthy children
  Austeng et al, 2010 [@JR0604sr-17]     Fredrikstad Hospital Trust, Norway           CSS            27,727 children born in Norway between 1992--1994                                                        Otoscopy, immittance audiometry, otoacoustic emissions and play audiometry, behavioral audiometry in free field, or ABR.                             40 women had primary *Toxoplasma gondii* infection in pregnancy and none of their neonates had hearing loss; 22 children were diagnosed with hearing loss of other origins.
  Resende et al, 2010 [@JR0604sr-13]     University of Minas Gerais, Brazil           CSS            106 children diagnosed with congenital toxoplasmosis in the neonatal screening program during 6 months   Hearing test battery: behavioral observation audiometry, ABR, transient and distortion product otoacoustic emission, and tympanometry.               They found normal hearing in 60 children (56.6%), conductive hearing loss in 13 (12.3%), SNHL in 4 (3.8%), and central hearing disorders in 29 (27.4%). There was no difference between children with additional risks for hearing loss and children who only had only toxoplasmosis.
  Silva et al, 2015 [@JR0604sr-18]       São Paulo State University, Brazil           CS             565 newborns                                                                                             Transient EOAE                                                                                                                                       65 (11%) newborns had risk factors for hearing disorders, and congenital toxoplasmosis was found in 1 newborn; 13 infants presented hearing loss at retest.

Abbreviations: ABR, auditory brain stem response; CCS, case-control study; CS, cohort study; CSS, cross-sectional study; EOAE, evoked otoacoustic emissions; PTA, pure tone average; SNHL, sensorineural hearing loss.

Discussion
==========

In the literature, there is moderate evidence of the correlation between hearing disorders and congenital toxoplasmosis, but this topic needs more investigation in order to clarify this relationship and to better guide the population about the risks.

In our search strategy, we had no time limitations; however, the selected articles were published from 1980 to 2015, and they are a few studies with high levels of evidence. The studies were conducted in different countries, and they were based on different treatment times, evaluation and follow-up protocols, which makes it difficult to draw a comparison of the data and perform a meta-analysis.

When analyzing the cross-sectional studies, the incidence of hearing disorders varied greatly, with rates of 3.8%, 21.1%, 22% and 30% of sensorineural hearing loss, [@JR0604sr-11] [@JR0604sr-12] [@JR0604sr-13] and of 10.55%, 12.3% and 20% of conductive hearing loss. [@JR0604sr-12] [@JR0604sr-13] [@JR0604sr-14]

Other studies, which were based on different methodological designs, showed inconsistency in the incidence of sensorineural hearing loss; one study did not find sensorineural hearing loss in children with congenital toxoplasmosis, [@JR0604sr-15] whereas others did. [@JR0604sr-16] [@JR0604sr-17] [@JR0604sr-18]

As for the audiological findings, we should consider the different evaluation protocols used in the included studies; some studies used only one test, and others used up to six tests to perform the hearing evaluation. Besides that, the studies considered different patient populations and different moments of evaluation (one evaluation, after the toxoplasmosis treatment and major follow-up evaluation). These characteristics made it impossible to compare the audiological results of the selected studies.

Analyzing all data, we conclude that there is moderate evidence of possible risks of hearing disorders in cases of congenital toxoplasmosis. Thus, prevention, early diagnosis and treatment of congenital toxoplasmosis in pregnant women are recommended in order to minimize the risk of hearing loss in children. [@JR0604sr-13] [@JR0604sr-16]

Furthermore, we suggest that new studies should be conducted to improve the specifications about hearing disorders and to standardize the assessments and follow-up protocols for these children.

Final Comments
==============

This review shows a moderate level of evidence of the association between hearing disorders and congenital toxoplasmosis. However, the specifications of the hearing disorders are still unclear, and the assessment and follow-up protocols have not yet been validated.

Therefore, future studies to determine the impact and origin of the hearing loss in this congenital infection, and its repercussions, for example in language development, are needed.
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